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Polish Pad with Non-Uniform Groove Depth 
To Improve Wafer Polish Rate Uniformity 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the field of semiconductor 
processing, and more specifically, to polishing methods and polishing pads 
for planarizing semiconductor materials in the fabrication of semiconductor 
devices. 

2. Background Information 

Semiconductor devices manufactured today generally rely upon an 
elaborate system of semiconductor device layers, patterns, and 
interconnects. The techniques for forming such various device layers, 
patterns, and interconnects are extremely sophisticated and are well 
understood by practitioners in the art. During fabrication, however, these 
varying device layers, patterns, and interconnects often create non-planar 
wafer topographies. Such non-planar wafer topographies cause difficulties 
when forming subsequent device layers, insulating layers, levels of 
interconnects, etc. 

Some problems associated with non-planar topographies, for 
example, are the interference and scattering of radiation by the non-planar 
topography when performing photolithographic process steps. This makes 
it particularly difficult to print patterns with high resolution. Another 
problem with non-planar topographies is in depositing metal layers or lines. 
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Uneven topographies, or step-heights as they are often called, may cause 
thinning of the metal line/layer at points where the topography transitions 
from a high point to a low point, and vice versa. Such thinning of the metal 
layers may cause open circuits to be formed in the device or may cause the 
device to suffer reliability problems. 

To combat these problems, various techniques have been developed 
in an attempt to planarize the topography of the wafer surface prior to 
performing additional processing steps. One approach employs abrasive 
polishing, for example chemical mechanical polishing (CMP), to remove the 
high points along the upper surface. According to this method, the wafer is 
placed on a table and is polished with a pad that has been coated with an 
abrasive material (i.e. slurry). Both the wafer and the table are rotated 
relative to each other to remove the high portions of the wafer topography. 
This abrasive polishing process continues until the upper surface of the 
wafer is largely planarized. 

One problem with polishing to planarize the topography is that the 
polishing rates can become unstable and /or uneven across the surface of the 
wafer. For example, the profile of the topography in certain areas of the 
wafer may affect the polishing rate in that area. Figure 1 illustrates a simple 
example of the polishing rate profile of a wafer 100. As is illustrated in 
Figure 1, the polishing rate at the edges 110 of wafer 100 is slower than the 
polishing rate toward the center 120 of wafer 100 (i.e., edge slow). The 
difference in polish rates across the wafer may cause the topography of the 
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wafer to be uneven after polishing. For example, the polishing rate profile of 
Figure 1 may cause the wafer topography to have low points in the center of 
the wafer and high points around the edges of the wafer, rather than a flat or 
planar surface as is desired. 

It is desired to have an even polish rate profile across the wafer 
surface in order to improve the planarity of the polishing process. As 
illustrated in Figure 1, an ideal polish rate profile is illustrated in Figure 1 by 
dashed line 150. In order to arrive at the ideal polish rate profile 150, what is 
needed is method to increase the polish rate at the edges of the wafer 110, 
and decrease the polish rate at the center of the wafer 120. The ideal polish 
rate profile 150 will improve the surface planarity of the polishing process. 

Figures 2 and 3 also illustrate examples wherein the polishing rates 
are uneven/unstable across the surface of a wafer. Figure 2, illustrates the 
opposite effect of Figure 1, wherein the polishing rate at the edges 210 of 
wafer 200 is faster than the polishing rate toward the center 220 of wafer 200 
(i.e., center slow). Thus in Figure 2, what is needed is a method to decrease 
the polish rate at the edges of the wafer 210, and increase the polish rate at 
the center of the wafer 220, in order to obtain the ideal polish rate profile 250. 
Figure 3, illustrates a worst case scenario wherein the polishing rate varies 
randomly across the entire wafer surface. Thus in Figure 3, what is needed 
is a method to decrease the polish rate in the areas of the wafer 300 where 
the polish rate is high, and increase the polish rate in the areas of the wafer 
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300 where the polish rate is low, in order to obtain the ideal polish rate 
profile 350. 



Thus, what is needed is a method to increase the polish rate in the 
areas of a semiconductor wafer that the polish rate is low and/ or decrease 
the polish rate in the areas of a semiconductor wafer that the polish rate is 
high in order to improve the planarization process of the semiconductor 
wafer. 
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SUMMARY OF THE INVENTION 

The present invention describes a method for creating a differential 
polish rate across a semiconductor wafer . One embodiment of the present 
invention determines the profile of the semiconductor wafer by locating the 
5 high points and low points of the wafer profile. A grooved polish pad is 
provided and then the groove depth of the polish pad is adjusted by 
increasing the groove depth in the areas of the polish pad that correspond to 
® the high points of said wafer profile. The semiconductor wafer is then 

W polished with the polish pad. 

O 10 Additional features and benefits of the present invention will become 

'■"s™r 

fti apparent from the detailed description, figures, and claims set forth below. 
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BRTEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not 
limitation in the accompanying figures in which: 

Figure 1 illustrates an edge slow polish rate profile of a 
semiconductor wafer. 

Figure 2 illustrates a center slow polish rate profile of a 
semiconductor wafer. 

Figure 3 illustrates a random polish rate profile of a semiconductor 

wafer. 

Figure 4a illustrates a cross-sectional view of a polish pad having v- 
shaped grooves. 

Figure 4b illustrates a cross-sectional view of a polish pad having u- 
shaped grooves. 

Figure 4c illustrates a cross-sectional view of a polish pad having one- 
sided triangle grooves. 

Figure 5a illustrates a cross-sectional view of a polish pad having v- 
shaped grooves according to one embodiment of the present invention and 
the polish rate profile of Figure 1. 

Figure 5b illustrates a cross-sectional view of a polish pad having u- 
shaped grooves according to another embodiment of the present invention 
and the polish rate profile of Figure 1. 
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Figure 6 illustrates a cross-sectional view of a polish pad having u- 
shaped grooves according to still another embodiment of the present 
invention and the polish rate profile of Figure 2. 

Figure 7 illustrates a cross-sectional view of a polish pad having u- 
shaped grooves according to yet another embodiment of the present 
invention and the polish rate profile of Figure 3- 
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DETAILED DESCRIPTION 

A(n) Polish Pad With Non-Uniform Groove Depth To Improve Wafer 
Polish Rate Uniformity is disclosed. In the following description, numerous 
specific details are set forth such as specific materials, patterns, dimensions, 
etc. in order to provide a thorough understanding of the present invention. 
It will be obvious, however, to one skilled in the art that these specific details 
need not be employed to practice the present invention. In other instances, 
well known materials or methods have not been described in detail in order 
to avoid unnecessarily obscuring the present invention. 

The present invention describes a method for improving the surface 
planarity during the fabrication of semiconductor device layers. The multi- 
layered structure of current semiconductor devices often leads to non-planar 
surfaces that can cause problems during the fabrication of subsequent device 
layers. One method developed to help solve the problem of non-planar 
wafer topographies is the use of chemical mechanical polishing (CMP) to 
planarize the wafer surface. 

There are many factors that play a part in the planarization process. 
For chemical mechanical polishing, some of these factors include: the 
rotation rates of the polishing pad and wafer, the wafer topography or 
profile (i.e. the high points and low points on the wafer surface), the 
pressure with which the pad and wafer are put in contact, the material 
making up the polish pad, the slurry being used, the material being 
polished/planarized/removed, etc. All of these factors are important to the 
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planarization process, however, even if all of these factors are optimized 
some planarization problems may still exist. 

The present invention may be used singly or in combination with any 
of the above mentioned factors and optimization parameters to improve the 
5 planarization process. One embodiment of the present invention determines 
the profile or topography of the wafer. In other words, it is determined 
where the high points and low points are on the wafer surface. It should be 

■pes:, 

S obvious to one with ordinary skill in the art that well know methods for 

ill determining wafer topography may be used and are therefore not discussed 

O 10 in detail herein. 

Si Typically, a polish pad will contain grooves such as those illustrated 

: JL in Figures 4a-c. Figure 4a illustrates a polish pad having v-shape grooves 

£ therein. Figure 4b illustrates a polish pad having u-shape grooves therein. 

W Figure 4c illustrates a polish pad having single-sided triangle grooves 

C 15 therein. Although, Figures 4a-c illustrate only a single shape of groove per 

polish pad, it should be noted that different groove shapes and/or a 
combination of groove shapes may be used on a polish pad. 

Generally, the grooves are cut into the polish pad during manufacture 
of the polish pad and are usually uniformly spaced across the diameter of 
20 the polish pad. Additionally, the groove depth and groove width are 
uniform across the polish pad surface. However, such uniform groove 
density, groove width, and groove depth may cause non-uniform polish 
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rates across the wafer surface such as those illustrated in Figures 1-3, edge 
slow, center slow, and random, respectively. 

The present invention improves the planarization process by 
adjusting and/or changing the grooves which are in the polishing pad. 
5 Groove shape, groove depth, groove width, and groove density all play a 
part in the planarization process. Changing the groove shape, groove depth, 
groove width, and/or groove density, either singly or in combination, can 
£ affect the polishing rate of the wafer. As such, changing the groove shape, 

y groove depth, groove width, and /or groove density, either singly or in 

Q 10 combination, also affects the polish rate profile of the wafer. 

£j By changing the grooves in the areas of the polish pad that 

L correspond to the areas of the wafer where the high points and low points of 

n the wafer topography and/or the areas where the polish rate profile is either 

'% high or low, the polish rate may be stabilized. Stabilizing the polish rate will 

i4J 15 in turn improve planarization. By increasing the groove depth, width, 

and /or density the polish rate is increased which will more effectively 
remove the high points in the wafer topography and/or stabilize the polish 
rate in areas of the wafer where the polish rate would have been too low. 
For example in Figure 1 that illustrates edge slow, the groove depth, width, 
20 and/or density would be increased in the areas of the polish pad that 

correspond to the edges of the semiconductor wafer in order to increase the 
polish rate so that the desirable polish profile 150 may be achieved. 
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By decreasing the groove depth, width, and /or density the polish rate 
is decreased which will remove less of the topography near the low points 
and /or stabilize the polish rate in areas of the wafer where the polish rate 
would have been too high and otherwise would have removed too much of 

5 the topography. For example, in Figure 2 that illustrates center slow, the 
groove depth, width, and/or density would be decreased in the areas of the 
polish pad that correspond to the center of the semiconductor wafer in order 
to decrease the polish rate at the center of the wafer so that the desirable 
polish profile 250 may be achieved. Similar adjustments may be made in 

10 Figure 3 that illustrates a random wafer profile in order to achieve the 
desirable polish rate profile 350. 

It should be noted and it will be obvious to one with ordinary skill in 
the art given this description that the grooves may be changed in any 
number of combinations. For example, in Figure 1 that illustrates edge slow, 

15 the groove depth, width, and/or density may be increased at the edges of 
the wafer and may be decreased at the center of the wafer. Depending upon 
the result desired by the user, just the groove depth , or just the groove 
width, or just the groove density may be increased or decreased in some 
areas. The user may also determine that it would be more beneficial to 

20 adjust groove depth and groove width, or groove depth and groove density, 
or groove width and groove density, or all three: groove depth, width, and 
density in some areas to obtain the desired result. Thus, the grooves may be 
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adjusted in many various combinations in order to achieve the optimum 
polish rate profile desired by a particular user. 

Figure 5a illustrates a cross-sectional view of a polish pad having v- 
shaped grooves according to one embodiment of the present invention and 

5 the polish rate profile of Figure 1. In order to achieve the desired polish rate 
profile 150 the groove width and groove depth of the grooves in the center 
of the polish pad of Figure 5a are increased in order to increase the polish 
rate at the center of the wafer. Figure 5b illustrates a cross-sectional view of 
a polish pad having u-shaped grooves according to another embodiment of 

10 the present invention and the polish rate profile of Figure 1. Similar to 

Figure 5a, the grooves of the polish pad in Figure 5b increase in depth and 
density in order to increase the polish rate at the center of the wafer. The 
polish pads of Figures 5a and 5b correspond to a wafer profile wherein the 
wafer has low points at the edge of the wafer and high points at the center of 

15 the wafer. Thus, where the wafer profile has high points in the center of the 
wafer and the polish rate would ordinarily be slow the present invention 
increases the groove depth, width, and/or density in order to increase the 
polish rate and remove the high points of the topography to achieve the 
desired wafer profile 150. 

20 Figure 6 illustrates a cross-sectional view of a polish pad having u- 

shaped grooves according to still another embodiment of the present 
invention and the polish rate profile of Figure 2. The polish pad of Figure 6 
corresponds to a wafer profile wherein the wafer has high points at the edge 
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of the wafer and low points at the center of the wafer. As illustrated in 
Figure 6 the depth and width of the grooves at the edges are increased in 
order to increase the polish rate at the edges of the wafer. Also, as illustrated 
in Figure 6 the depth and width of the grooves at the center of the polish pad 
5 are decreased in order to reduce (or decrease) the polish rate at the center of 
the wafer. Thus, the polish pad of Figure 6 may be used to increase the 
polish rate at the edge of the wafer and decrease the polish rate in the center 
of the wafer in order to achieve the desired polish rate profile 250 illustrated 
in Figure 2. 

10 Figure 7 illustrates a cross-sectional view of a polish pad having u- 

shaped grooves according to yet another embodiment of the present 
invention and the polish rate profile of Figure 3. The polish pad of Figure 7 
corresponds to a wafer profile wherein the wafer has random high points 
and low points. As illustrated in Figure 7 the depth, width, and density of 

15 the grooves are increased in the areas of the polish pad corresponding to 
high points of the wafer profile in Figure 3. Also, as illustrated in Figure 7 
the depth, width, and density of the grooves are decreased in the areas of the 
polish pad corresponding to low points of the wafer profile in Figure 3. 
Thus, the polish pad of Figure 7 may be used to increase the polish rate in 

20 areas of the wafer wherein the high points would otherwise cause the polish 
rate to be low and decrease the polish rate in areas of the wafer wherein the 
low points would otherwise cause the polish rate to be too high in order to 
achieve the desired polish rate profile 350 illustrated in Figure 3. 
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It should be noted that the grooves of the polish pad should be 
adjusted while keeping in mind the parameters of the particular polish pad 
so not to degrade the usefulness of the polish pad. For example, the depth of 
the grooves should not be increase to the point where the polish pad 

5 becomes weak or brittle. As another example, the width of the grooves 

should not be increased to be so large as not to be effective or cover too large 
an area on the polish pad. Likewise, the density of the grooves should not 
be increased beyond the point where the portions of the polish pad that 
separate the grooves are too thin or brittle and may break. 

10 In one embodiment of the present invention the groove depth is 

adjusted within the range of approximately 1 - 90% of the pad thickness. In 
another embodiment of the present invention the groove width is adjusted 
within the range of approximately 1 - 100 mils. In yet another embodiment 
of the present invention the groove density is adjusted within the range of 

15 approximately 2-50 grooves/inch. It will be obvious to one with ordinary 
skill in the art that such parameters may be dependent upon the strength, 
durability, surface area, pad thickness, material, and etc. that make up the 
polish pad. 

It should be noted mat deeper and/or wider and/ or more dense 
20 grooves improve slurry transport and distributes more slurry to the areas 
where a higher polish rate is desired. It should also be noted that wider 
grooves and/or more dense grooves increase the pressure in the areas where 
a higher polish rate is desired. By changing the groove depth, width, and/or 
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density the present invention distributes more slurry and /or increases the 
pressure of the polish pad in the areas where a higher polishing rate is 
desired in order to achieve the desired polish profiles, for example, polish 
profiles 150, 250, and 350 illustrated in Figures 1, 2, and 3, respectively. 

Thus, Polish Pad With Non-Uniform Groove Depth To Improve 
Wafer Polish Rate Uniformity has been described. Although specific 
embodiments, including specific equipment, patterns, methods, and 
materials have been described, various modifications to the disclosed 
embodiments will be apparent to one of ordinary skill in the art upon 
reading this disclosure. Therefore, it is to be understood that such 
embodiments are merely illustrative of and not restrictive on the broad 
invention and that this invention is not limited to the specific embodiments 
shown and described. 
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CLAIMS 

What is claimed is: 
11. A method for creating a differential polish rate across a wafer 

2 comprising: 

3 determining the profile of said wafer, said wafer profile having high 

4 points and low points; 

5 providing a polish pad having a plurality of grooves; 

6 adjusting the groove depth of said polish pad, wherein said groove 

7 depth is increased in the areas of said polish pad that correspond to the high 

8 points of said wafer profile; and 

9 polishing said wafer with said polish pad. 

1 2. The method as described in claim 2 further comprising the step of: 

2 adjusting the groove width of said polish pad, wherein said groove 

3 width is increased in the areas of said polish pad that correspond to the high 

4 points of said wafer profile. 

1 3. The method as described in claim 2 further comprising the step of: 

2 adjusting the groove density of said polish pad, wherein said groove 

3 density is increased in the areas of said polish pad that correspond to the 

4 high points of said wafer profile. 
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1 4. The method as described in claim 1 wherein said plurality of grooves 

2 have a shape consisting of: a v-shape, a u-shape, a one-sided-triangle, or a 

3 combination thereof. 

1 5. The method as described in claim 1 wherein said groove depth is 

2 adjusted within the range of approximately 1 - 90% of the pad thickness. 

1 6. The method as described in claim 2 wherein said groove width is 

2 adjusted within the range of approximately 1 - 100 mils. 

1 7. The method as described in claim 3 wherein said groove density is 

2 adjusted within the range of approximately 2-50 grooves/ inch* 

18. A method for creating a differential polish rate across a wafer 

2 comprising: 

3 determining the profile of said wafer, said wafer profile having high 

4 points and low points; 

5 providing a polish pad having a plurality of grooves; 

6 adjusting the groove width of said polish pad, wherein said groove 

7 width is increased in the areas of said polish pad that correspond to the high 

8 points of said wafer profile; and 

9 polishing said wafer with said polish pad. 
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1 9. The method as described in claim 8 further comprising the step of: 

2 adjusting the groove depth of said polish pad, wherein said groove 

3 depth is increased in the areas of said polish pad that correspond to the high 

4 points of said wafer profile. 

1 10. The method as described in claim 8 further comprising the step of: 

2 adjusting the groove density of said polish pad, wherein said groove 

3 density is increased in the areas of said polish pad that correspond to the 

4 high points of said wafer profile. 

1 11 . The method as described in claim 8 wherein said plurality of grooves 

2 have a shape consisting of: a v-shape, a u-shape, a one-sided-triangle, or a 

3 combination thereof. 

1 12. The method as described in claim 8 wherein said groove width is 

2 adjusted within the range of approximately 1 - 90% of the pad thickness. 

1 13. The method as described in claim 9 wherein said groove depth is 

2 adjusted within the range of approximately 0.01 - 50 mils. 



1 

2 



14. The method as described in claim 10 wherein said groove density is 
adjusted within the range of approximately 2-50 grooves/inch. 
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1 15. A method for creating a differential polish rate across a wafer 

2 comprising: 

3 determining the profile of said wafer, said wafer profile having high 

4 points and low points; 

5 providing a polish pad having a plurality of grooves; 

6 increasing the polish rate of said polish pad in the areas of said polish 

7 pad that correspond to the high points of said wafer profile; and 

8 polishing said wafer with said polish pad. 

1 16. The method as described in claim 15 wherein said step of increasing 

2 the polish rate comprises increasing the groove depth of said grooves in the 

3 areas of said polish pad that correspond to the high points of said wafer 

4 profile. 

1 17. The method as described in claim 15 wherein said step of increasing 

2 the polish rate comprises increasing the groove width of said grooves in the 

3 areas of said polish pad that correspond to the high points of said wafer 
• 4 profile. 



1 18. The method as described in claim 15 wherein said step of increasing 

2 the polish rate comprises increasing the groove density of said grooves in 

3 the areas of said polish pad that correspond to the high points of said wafer 

4 profile. 
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1 19. The method as described in claim 15 wherein said plurality of 

2 grooves have a shape consisting of: a v-shape, a u-shape, a one-sided- 

3 triangle, or a combination thereof. 

1 20. The method as described in claim 16 wherein said groove depth is 

2 adjusted within the range of approximately 1 - 90% of the pad thickness. 

1 21. The method as described in claim 17 wherein said groove width is 

2 adjusted within the range of approximately 1 - 100 mils. , 

1 22. The method as described in claim 18 wherein said groove density is 

2 adjusted within the range of approximately 2-50 grooves/inch. 

1 23. The method of claim 15 further comprising the step of: 

2 decreasing the polish rate of said polish pad in the areas of said polish 

3 pad that correspond to the low points of said wafer profile. 

1 24. The method as described in claim 23 wherein said step of decreasing 

2 the polish rate comprises decreasing the groove depth of said grooves in the 

3 areas of said polish pad that correspond to the low points of said wafer 

4 profile. 
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1 25. The method as described in claim 23 wherein said step of decreasing 

2 the polish rate comprises decreasing the groove width of said grooves in the 

3 areas of said polish pad that correspond to the low points of said wafer 

4 profile. 

1 26. The method as described in claim 23 wherein said step of decreasing 

2 the polish rate comprises decreasing the groove density of said grooves in 

3 the areas of said polish pad that correspond to the low points of said wafer 

4 profile. 

1 27. A polish pad for creating a differential polish rate across a wafer 

2 comprising: 

3 said polish pad having a plurality of grooves; 

4 said grooves having an increased depth in areas that correspond to 

5 high points on the surface of said wafer; and 

6 said grooves having a decreased depth in areas that correspond to 

7 low points on the surface of said wafer. 

1 28. The polish pad as described in claim 27 further comprising: 

2 said grooves having an increased width in areas that correspond to 

3 high points on the surface of said wafer; and 

4 said grooves having a decreased width in areas that correspond to 

5 low points on the surface of said wafer. 



42390.P3955 



1 29. The polish pad as described in claim 27 further comprising: 

2 said grooves having an increased density in areas that correspond to 

3 high points on the surface of said wafer; and 

4 said grooves having a decreased density in areas that correspond to 

5 low points on the surface of said wafer. 

1 30. The polish pad as described in claim 27 wherein said plurality of 

2 grooves have a shape consisting of: a v-shape, a u-shape, a one-sided- 

3 triangle, or a combination thereof. 

1 31. The polish pad as described in claim 27 wherein said groove depth is 

2 adjusted within the range of approximately 1 - 90% of the pad thickness. 

1 32. The polish pad as described in claim 28 wherein said groove width is 

2 adjusted within the range of approximately 1 - 100 mils. 

1 33. The polish pad as described in claim 29 wherein said groove density 

2 is adjusted within the range of approximately 2 - 50 grooves/inch. 

1 34. A polish pad for creating a differential polish rate across a wafer 

2 comprising: 

3 said polish pad having a plurality of grooves; 
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4 said grooves having an increased width in areas that correspond to 

5 high points on the surface of said wafer; and 

6 said grooves having a decreased width in areas that correspond to 

7 low points on the surface of said wafer. 

1 35. The polish pad as described in claim 34 further comprising: 

2 said grooves having an increased depth in areas that correspond to 
O 3 high points on the surface of said wafer; and 

;P 4 said grooves having a decreased depth in areas that correspond to 

m 5 low points on the surface of said wafer. 

« 1 36. The polish pad as described in claim 34 further comprising: 

h& 2 said grooves having an increased density in areas that correspond to 

m 3 high points on the surface of said wafer; and 

2 4 said grooves having a decreased density in areas that correspond to 

5 low points on the surface of said wafer. 

1 37. The polish pad as described in claim 34 wherein said plurality of 

2 grooves have a shape consisting of: a v-shape, a u-shape, a one-sided- 

3 triangle, or a combination thereof. 



1 
2 



38. The polish pad as described in claim 34 wherein said groove width is 
adjusted within the range of approximately 1 - 90% of the pad thickness. 
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1 39, The polish pad as described in claim 35 wherein said groove depth is 

2 adjusted within the range of approximately 0.01 - 50 mils. 

1 40. The polish pad as described in claim 36 wherein said groove density 

2 is adjusted within the range of approximately 2-50 grooves /inch. 

1 41. A polish pad for creating a differential polish rate across a wafer 

2 comprising: 

3 said polish pad having a plurality of grooves; 

4 said grooves having an increased density in areas that correspond to 

5 high points on the surface of said wafer; and 

6 said grooves having a decreased density in areas that correspond to 

7 low points on the surface of said wafer. 

1 42. The polish pad as described in claim 41 further comprising: 

2 said grooves having an increased width in areas that correspond to 

3 high points on the surface of said wafer; and 

4 said grooves having a decreased width in areas that correspond to 

5 low points on the surface of said wafer. 

1 43. The polish pad as described in claim 41 further comprising: 
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2 said grooves having an increased depth in areas that correspond to 

3 high points on the surface of said wafer; and 

4 said grooves having a decreased depth in areas that correspond to 

5 low points on the surface of said wafer. 

1 44. The polish pad as described in claim 41 wherein said plurality of 

2 grooves have a shape consisting of: a v-shape, a u-shape, a one-sided- 

3 triangle, or a combination thereof. 

1 45. The polish pad as described in claim 41 wherein said groove density 

2 is adjusted within the range of approximately 2-50 grooves/inch. 

1 46. The polish pad as described in claim 42 wherein said groove width is 

2 adjusted within the range of approximately 1 - 100 mils. 

1 47. The polish pad as described in claim 43 wherein said groove depth is 

2 adjusted within the range of approximately 1 - 90% of the pad thickness. 

1 48. A polish pad comprising: 

2 a plurality of grooves, said plurality of grooves having varying 

3 groove densities. 



1 

2 
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49. The polish pad as described in claim 48 wherein said groove density 
is adjusted within the range of approximately 2-50 grooves /inch. 



1 50. A polish pad comprising: 

2 a plurality of grooves, said plurality of grooves having varying 

3 groove depths. 

1 51. The polish pad as described in claim 50 wherein said groove depth is 

2 adjusted within the range of approximately 1 - 90% of the pad thickness. 

1 52. A polish pad comprising: 

2 a plurality of grooves, said plurality of grooves having varying 

3 groove widths. 

1 53. The polish pad as described in claim 52 wherein said groove width is 

2 adjusted within the range of approximately 1 - 100 mils. 
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ABSTRACT OF TTTR DISCLOSURE 

The present invention describes a method for creating a differential 
polish rate across a semiconductor wafer . The profile or topography of the 
semiconductor wafer is determined by locating the high points and low 
5 points of the wafer profile. The groove pattern of a polish pad is then 
adjusted to optimize the polish rate with respect to the particular wafer 
profile. By increasing the groove depth, width, and/or density of the groove 
pattern of the polish pad the polish rate may be increased in the areas that 
correspond to the high points of the wafer profile. By decreasing the groove 
10 depth, width, and/or density of the groove pattern of the polish pad the 
polish rate may be decreased in the areas that correspond to the low points 
of the wafer profile. A combination of these effects may be desirable in 
order to stabilize the polish rate across the wafer surface in order to improve 
the planarization of the polishing process. 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
(FOR INTEL CORPORATION PATENT APPLICATIONS) 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name. 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an 
original, first, and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 

Polish Pad with Non-Uniform Groove Depth to Improve Wafer Polish Rate 

Uniformity 

the specification of which 

is attached hereto. 

X was filed on December 23. 1997 as 

United States Application Number 08/997.293 

or PCT International Application Number 

and was amended on . 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I 
do not know and do not believe that the claimed invention was ever known or used in the 
United States of America before my invention thereof, or patented or described in any 
printed publication in any country before my invention thereof or more than one year 
prior to this application, that the same was not in public use or on sale in the United States 
of America more than one year prior to this application, and that the invention has not 
been patented or made the subject of an inventor's certificate issued before the date of this 
application in any country foreign to the United States of America on an application filed 
by me or my legal representatives or assigns more than twelve months (for a utility 
patent application) or six months (for a design patent application) prior to this 
application. 

I acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 
119(a)-(d), of any foreign application(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 
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Prior Foreign Application(s) 



Priority 
Claimed 



(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 


(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 


(Number) 


(Country) 


(Day/Month/Year Filed) 


Yes 


No 



I hereby claim the benefit under title 35, United States Code, Section 119(e) of any United 
States provisional application(s) listed below 



(Application Number) Filing Date 



(Application Number) Filing Date 



I hereby claim the benefit under Title 35, United States Code, Section 120 of any United 
States application(s) listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, Section 112, I 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1.56 which 
became available between the filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 



(Application Number) Filing Date (Status « patented, 

pending, abandoned) 
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I hereby appoint Farzad E. Amini, Reg. No. P42,261; Aloysius T. C. AuYeung, Reg. No. 35,432; 
William Thomas Babbitt, Reg. No. 39,591; Jordan Michael Becker, Reg. No. 39,602; Bradley J. 
Bereznak, Reg. No. 33,474; Michael A. Bernadicou, Reg. No. 35,934; Roger W. Blakely, Jr., 
Reg. No. 25,831; Gregory D. Caldwell, Reg. No. 39,926; Kent M. Chen, Reg. No. 39,630; 
Lawrence M. Cho, Reg. No. 39,942; Yong S. Choi, Reg. No. P43,324; Thomas M. Coester, Reg. 
No. 39,637; Roland B. Cortes, Reg. No. 39,152; Barbara Bokanov Courtney, Reg. No. P42,442; 
William Donald Davis, Reg. No. 38,428; Michael Anthony DeSanctis, Reg. No. 39,957; Daniel 
M. De Vos, Reg. No. 37,813; Tarek N. Fahmi, Reg. No. 41,402; Richard Leon Gregory, Jr., 
P42.607; James Y. Go, Reg. No. 40,621; Sharmini Nathan Green, Reg. No. 41,410; David R. 
Halvorson, Reg. No. 33,395; Thomas A. Hassing, Reg. No. 36,159; Eric Ho, Reg. No. 39,711; 
Willmore F. Holbrow III, Reg. No. P41,845; George W Hoover II, Reg. No. 32,992; 
Eric S. Hyman, Reg. No. 30,139; Dag H. Johansen, Reg. No. 36,172; Stephen L. King, Reg. No. 
19,180; Tim L. Kitchen, Reg. No. P41,900; Michael J. Mallie, Reg. No. 36,591; Paul A. 
Mendonsa, Reg. No. P42,879; Darren J. Milliken, P42.004; Thinh V, Nguyen, P42,034; 
Kimberley G. Nobles, Reg. No. 38,255; Michael A. Proksch, Reg. No. P43.021; Ronald W. 
Reagin, Reg. No. 20,340; Babak Redjaian, P42.096; James H. Salter, Reg. No. 35,668; 
William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 31,195; Anand Sethuraman, 
Reg. No. P43,351; Charles E. Shemwell, Reg. No. 40,171; Maria McCormack Sobrino, Reg. No. 
31,639; Stanley W. Sokoloff, Reg. No. 25,128; Allan T. Sponseller, Reg. No. 38,318; Steven 
R. Sponseller, Reg. No. 39,384; Geoffrey T. Staniford, P43,151; Judith A. Szepesi, Reg. No. 
39,393; Edwin H. Taylor, Reg. No. 25,129; George G. C. Tseng, Reg. No. 41,355; Lester J. 
Vincent, Reg. No. 31,460; John Patrick Ward, Reg. No. 40,216; Ben J. Yorks, Reg. No. 
33,609; and Norman Zafman, Reg. No. 26,250; my attorneys; and Robert Andrew Diehl, Reg. 
No. 40,992; and Edwin A. Sloane, Reg. No. 34,728; my patent agents, of BLAKELY, SOKOLOFF, 
TAYLOR & ZAFMAN LLP, with offices located at 12400 Wilshire Boulevard, 7th Floor, 
Los Angeles, California 90025, telephone (310) 207-3800, and Alan K. Aldous, Reg. No. 
31,905; Joseph R. Bond, Reg. No. 36,458; Richard C. Calderwood, Reg. No. 35,468; Cynthia 
Thomas Faatz, Reg No. 39,973; Sean Fitzgerald, Reg. No. 32,027; Seth Z. Kalson, Reg. No. 
40,670; David J. Kaplan, Reg. No. 41,105; Leo V. Novakoski, Reg. No. 37,198; Naomi Obinata, 
Reg. No. 39,320; Thomas C. Reynolds, Reg. No. 32,488; Steven P. Skabrat, Reg. No. 36,279; 
Howard A. Skaist, Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. Werner, 
Reg. No. 34,752; and Charles K. Young, Reg. No. 39,435; my patent attorneys, and Thomas 
Raleigh Lane, Reg. No. P42,781 ; Calvin E. Wells, Reg. No. P43,256; and Alexander Ulysses 
Witkowski, Reg. No. P43,280; my patent agents, of INTEL CORPORATION; and James R. Thein, 
Reg. No. 31,710, my patent attorney; with full power of substitution and revocation, to 
prosecute this application and to transact all business in the Patent and Trademark Office 
connected herewith. 

Send correspondence to Darren J. Milliken , BLAKELY, SOKOLOFF, TAYLOR & 

(Name of Attorney or Agent) 
ZAFMAN LLP, 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025 and 
direct telephone calls to Darren J. Milliken (408) 720-8598. 

(Name of Attorney or Agent) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Full Name of Sole/First Inventor Ebrahim Andideh 




Inventor's Signature /^L^C-^/ Date 



Residence Portland. Oregon Citizenship teerr m (J$/\> & 

(City, State) (Country) 

Post Office Address 9364 N.W. Foxhollow Court 

Portland, Oregon 97229 



Full Name of Second/Joint Inventor Matthew J, Prince 

inventor's Signature T^l Cty%**Q3 ^^ Sate &(*ol 
Residence Portland. Oregon Citizenship USA 



(City, State) (Country) 



Post Office Address 4213 S.W. Marigold Street 



Portland. Oregon 97219 



Title 37, Code of Federal Regulations, Section 1.56 
Duty to Disclose Information Material to Patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of all information material to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in dealing 
with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclosure information exists with respect to 
each pending claim until the claim is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim remaining 
under consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclosure all information known to be material to patentability 
is deemed to be satisfied if all information known to be material to patentability of any claim issued in a patent 
was cited by the Office or submitted to the Office in the manner prescribed by §§1 .97(b)-(d) and 1 .98. 
However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1 ) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 
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(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its 
broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 
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